In seismic modeling and in migration it is often desirable to use a wave equation (with varying velocity but constant density) which does not produce interlayer reverberations. The conventional approach has been to use a one-way wave equation which allows energy to propagate in one dominant direction only, typically this direction being either upward or downward (Claerbout, 1972).
INTRODUCTION
Forward modeling and migration often deal with symmetric wave propagation in which the raypath from the surface to the reflecting horizons is the same as the raypath from the reflecting horizons back to the surface. In such a situation it is often advantageous to model the propagation in only one direction along the raypath. In order to reproduce the arrival times correctly in such calculations, the material velocity must be halved with respect to the actual acoustic velocities in the medium (Lowenthal et al, 1976) . It is also often desirable to eliminate multiple reflections and reverberations and produce synthetic sections which contain primary energy only. The common approach has been to use one-way equations which allow energy to propagate in one direction only (Claerbout, 1972; Gazdag, 1981) . These equations do have thier limitations and, in particular, they cannot simulate rays which turn around via refraction in the presence of large velocity gradients.
In this study we derive a two-way wave equation which simultaneously permits both upgoing and downgoing propagation. For homogeneous regions this wave equation becomes identical to the acoustic wave equation. However, in propagation from one medium to another this equation gives a zero reflection coefficient for normal incidence. Baysal et al degenerates into the usual acoustic wave equation (1) whenever the velocity C is constant. However, this wave equation does not give reflection in the case of normal incidence on a plane boundary which separates two dissimilar media; hence the term "two-way nonreflecting wave equation." It is interesting to note that for the case of a plane boundary between two regions, equation (5) gives small reflection coefficients for a range of incidence angles. For example, Figure 1 presents the reflection coefficients as a function of angle for propagation from a region of high velocity into a region of low velocity, where the velocity ratio has been chosen as 2 : 1. As the figure shows, the reflection coefficients remain low for a wide range of incidence angles. The opposite case, where the propagation is from a low-velocity regkr into a high-velocity region, is shown in Figure 2 . The incidence angles in this figure range between zero and critical. As the figure shows, the reflection coefficients remain low for small angles, but increase when the critical angle is approached. The numerical results presented in the next section are consistent with the reflectivity characteristics depicted in Figures 1 and 2 . Equation (5) can also be regarded as the full acoustic wave equation for a medium with constant impedance. The full equation, with the density p and the velocity C given as functions of the spatial coordinates, can be written (Kosloff and Baysal, 1982) Now let the impedance pC be constant so that PC = K
and use equation (7) Finally, a zero source-receiver offset seismic section is simulated over a structural model using the "exploding reflector" concept introduced by Loewenthal et al (1976) . The model consists of a fault block with a constant velocity of 3000 ft/sec, the fault plane having a steep dip of 80 degrees (see Figure 7) . The medium to the right of the fault block has a large vertical velocity gradient. The velocity of this medium starts with 4000 ft/sec at the surface and increases linearly with depth with a gradient of 4 ft/sec per foot. If a one-way equation is used in the modeling; then-it is impossible to simuiate the surface arrivai~ due to the wavefront generated at the fault plane, which starts traveling downward, then turns around via refraction due to the velocity gradient, and arrives at the surface stations that are not located directly above the fault block. It is possible to model these raypaths with equation (I), but this will also generate events such as reverberations or multiples between the horizontal upper boundary of the fault block and the free surface. The nonreflecting wave equation [equation (5)] will correctly model the raypaths which turn around because of the velocity gradient and then arrive at the surface, whereas it also will greatly reduce the amplitudes of the undesirable secondary events. Figure 6 presents the resulting seismic section over this model using the nonreflecting wave equation. The reflections from the horizontal upper boundary of the fault block and the reflections from the fault plane by curved raypaths are connected by the diffractions caused by the corner of the fault block.
The next set of figures shows the amplitude displays as a function of space at different times. The result of applying this algorithm to the data shown in Figure 6 is the depth section shown in Figure 11 . The overhanging fault block has imaged, the success of the method being tied to our knowledge of the velocity distribution.
CQNCLUSIONS
We have presented a two-way wave equation which significantly reduces reflections from material interfaces. This equation can be useful in forward modeling or reverse-time depth migration when there is a need to avoid interlayer reverberations. It offers improvements over modeling or migration with one-way equations for structures with strong velocity contrasts or gradients where geometrical rays can turn around. In such situations, the two-way nonreflecting wave equation can follow the ray beyond the turning point.
